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[57] ABSTRACT 

A connection monitoring system is provided for monitoring 
a connection between separated oscillator and poWer units 
not only in an initial time period just after the connector has 
been connected to the interface but also in a time period 
When the laser is in serve for allowing a long life time of the 
laser by preventing the laser oscillator unit from an excess 
large load even if a connector is incompletely connected to 
an interface of the electric device or if a connector pin is 
incompletely in contact With the interface. Athermal sWitch 
recognition system is further provided for recognizing 
excess temperature increase of the laser tube Which can 
ascertain Which thermal sWitch has been opened for alloW 
ing a long life-time of the laser tube by recognizing a 
position Where an excess temperature increase appears. 

4 Claims, 2 Drawing Sheets 
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LASER HAVING A CONNECTION 
DETECTOR FOR MONITORING A 

CONNECTION BETWEEN SEPARATED 
OSCILLATOR AND POWER UNITS 

BACKGROUND OF THE INVENTION 

The present invention relates to a laser, and more particu 
larly to a laser having a connection detector for detecting a 
connection betWeen separated oscillator and poWer units. 

In the prior art, the connection detector may comprise a 
misconnection detecting circuit for detecting a misconnec 
tion of cables betWeen separated oscillator and poWer units 
in the laser. In the Japanese laid-open patent publication No. 
6-223950, it is disclosed that When a connector of a cable is 
connected to an interface of an electronic device, then a 
signal is generated by the electronic device and transmitted 
to a certain terminal of the interface. The connector receives 
this signal and then generates an identi?cation signal in 
accordance With the received signal. The identi?cation sig 
nal Will be returned to the electronic device. The electronic 
device receives the identi?cation signal from the connector 
and then con?rm a correspondence of the actual identi?ca 
tion signal to previously registered identi?cation signal in 
order to judge Whether the correct connection Was made or 
not. 

The above conventional connection detecting system has 
the folloWing tWo problems. First one is that the above 
conventional connection detecting system can not detect 
misconnection betWeen the separated oscillation and poWer 
units When the laser is in operation. The meaning of mis 
connection includes When the connector is incompletely 
connected to the interface or When the connector pins are 
incompletely in contact With the interface. The above con 
ventional connection detecting system can be in serve only 
in the initial time period just after the connector has been 
connected to the interface. 

The second problem is in that the above conventional 
connection detecting system can not designate operating one 
of plural thermal sWitches connected in series to each other 
Whereby it is impossible to ascertain a position of the 
misconnection. 

In the above circumstances, it had been required to 
develop a novel connection monitoring system for monitor 
ing a connection betWeen separated oscillator and poWer 
units Which is free from the above ?rst and second problems. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a novel connection monitoring system for monitor 
ing a connection betWeen separated oscillator and poWer 
units Which is free from the above ?rst and second problems. 

It is, therefore, an object of the present invention to 
provide a novel connection monitoring system for monitor 
ing a connection betWeen separated oscillator and poWer 
units not only in an initial time period just after the con 
nector has been connected to the interface but also in a time 
period When the laser is in serve. 

It is a further object of the present invention to provide a 
novel connection monitoring system for alloWing a long life 
time of the laser by preventing the laser oscillator unit from 
an eXcess large load even if a connector is incompletely 
connected to an interface of the electric device or if a 
connector pin is incompletely in contact With the interface. 

It is a still further object of the present invention to 
provide a novel thermal sWitch recognition system for 
recogniZing eXcess temperature increase of the laser tube 
Which can ascertain Which thermal sWitch has been opened. 

It is yet a further object of the present invention to provide 
a novel thermal sWitch recognition system for alloWing a 
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2 
long life-time of the laser tube by recogniZing a position 
Where an excess temperature increase appears. 

The above and other objects, features and advantages of 
the present invention Will be apparent from the folloWing 
descriptions. 
The present invention provides a laser comprising a laser 

oscillator unit having a laser tube and a laser poWer unit 
connected to the laser oscillator unit by a connector for 
supplying a poWer to the laser tube for a laser emission. The 
laser poWer unit has a ?rst monitoring system and the laser 
oscillator unit having a second monitoring system electri 
cally connected to each other. After the laser oscillator unit 
and the laser poWer unit have been connected to each other 
by a connector, then the ?rst monitoring system sends the 
second monitoring system an identi?cation signal so that the 
second monitoring system sends the ?rst monitoring system 
an ansWer signal to the identi?cation signal Whereby the ?rst 
monitoring system refers the ansWer signal to a previously 
set signal to con?rm a correspondence betWeen the laser 
oscillator unit and the laser poWer unit, and if no correspon 
dence is con?rmed, then the ?rst monitoring system 
instructs the laser poWer unit to discontinue to supply the 
poWer to the laser tube. 

It is preferable that the ?rst monitoring system comprises 
an identi?cation signal setting and outputting circuit for 
setting an identi?cation signal and then outputting the iden 
ti?cation signal, and a comparator circuit for comparison of 
the ansWer signal With the previously set signal. 

It is also preferable that the second monitoring system 
comprises an arithmetic circuit for operating the identi?ca 
tion signal. 
The present invention provides a laser comprising a laser 

oscillator unit having a laser tube and a laser poWer unit 
connected to the laser oscillator unit by a connector for 
supplying a poWer to the laser tube for a laser emission. The 
laser poWer unit has a ?rst recognition system and the laser 
oscillator unit having a second recognition system electri 
cally connected to each other. Aplurality of thermal sWitches 
are provided around the laser tube. The above plurality of 
thermal sWitches are connected to the second recognition 
system in parallel to each other. The above plurality of 
thermal sWitches are operated by an eXcess temperature 
increase over a predetermined critical temperature. During 
When the laser is in operation, the second recognition system 
recogniZes states of the plurality of thermal sWitches to 
recogniZe any eXcess temperature increase over the prede 
termined critical temperature and if the eXcess temperature 
increase appears, then the second recognition system sends 
the ?rst recognition system an abnormal signal Which iden 
ti?es that the eXcess temperature increase has appeared so 
that the ?rst recognition system instructs the laser poWer unit 
to discontinue to supply the poWer to the laser tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments according to the present invention 
Will be described in detail With reference to the accompa 
nying draWings. 

FIG. 1 is a block diagram illustrative of a novel laser 
comprising separated oscillator and poWer units With a 
monitoring system for monitoring correct connections 
betWeen the separated oscillator and poWer units in a ?rst 
embodiment according to the present invention. 

FIG. 2 is a block diagram illustrative of a novel laser 
comprising separated oscillator and poWer units With a 
thermal sWitch recognition system for recogniZing eXcess 
temperature increase of the laser tube in a second embodi 
ment according to the present invention. 

PREFERRED EMBODIMENTS 
First Embodiment 
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A?rst embodiment according to the present invention Will 
be described With reference to FIG. 1 Which is a block 
diagram illustrative of a novel laser comprising separated 
oscillator and poWer units With a monitoring system for 
monitoring correct connections betWeen the separated oscil 
lator and poWer units in a ?rst embodiment according to the 
present invention. Alaser 21 comprises a laser oscillator unit 
11 Which emits a laser beam and a laser poWer unit 1 Which 
is separated from the laser oscillator unit 11 but supplies a 
poWer to the laser oscillator unit 11 for driving the same. The 
laser oscillator unit 11 comprises the folloWing elements. A 
laser tube 13 is provided Which emits a laser beam. A starter 
circuit 15 is provided Which is electrically connected to the 
laser tube 13 for applying a high voltage at an initial time for 
starting a laser emission. First and second thermal sWitches 
12 and 14 are provided Which are made open When the above 
laser tube 13 shoWs an eXcess temperature rise in operation. 
The ?rst thermal sWitch 12 is connected to the second 
thermal sWitch 14. This second thermal sWitch 14 is further 
connected to the laser poWer unit 1. Any of the ?rst and 
second thermal sWitches 12 and 14 is made open by the 
eXcess temperature rise of the laser tube 13 in operation, the 
laser poWer unit 1 can recogniZe the eXcess temperature rise 
of the laser tube 13 in operation. Further, an arithmetic unit 
16 is provided Which is connected to the laser poWer unit 1 
for receiving an identi?cation signal from the laser poWer 
unit 1 and carry out an operation of the received identi?ca 
tion signal. 

The laser poWer 1 has the folloWing elements. An input 
control circuit 2 is provided Which controls ON/OFF opera 
tions of the laser 21. A recti?er circuit 3 is provided Which 
is connected to the input control circuit 2 for rectifying an 
AC current into a DC current. A driver circuit 4 is provided 
Which is connected to the recti?er circuit 3 for driving the 
recti?er circuit 3. An output control circuit 6 is provided 
Which is connected to the driver circuit 4 for controlling the 
driver circuit 4. A ?lament transducer 5 is provided Which is 
connected to the laser tube 13 for applying an AC current to 
a ?lament in the laser tube 13 and in place receives a large 
discharge DC current. A connection monitor 7 is provided 
Which is connected to the input control circuit 2 and also 
connected to the arithmetic circuit 16 in the laser oscillator 
unit 11. The connection monitor 7 does monitor the con 
nection betWeen the laser oscillator unit 11 and the laser 
poWer unit 1. 

The connection monitor 7 provided in the laser poWer unit 
1 comprises the folloWing elements. An identi?cation signal 
output circuit 8 is provided Which is connected to the 
arithmetic circuit 16 in the laser oscillator unit 11 for 
supplying an identi?cation signal to the arithmetic circuit 16 
in the laser oscillator unit 11 at a predetermined constant 
time interval during the operation of the laser. An identi? 
cation signal setting circuit 9 is provided Which is connected 
to the identi?cation signal output circuit 8 for setting the 
identi?cation signal to be outputted from the identi?cation 
signal output circuit 8. An arithmetic result comparing 
circuit 10 is provided Which is connected to the arithmetic 
circuit 16 in the laser oscillator unit 11 and also connected 
to the input control circuit 2. The arithmetic result compar 
ing circuit 10 receives the results of operations made by the 
arithmetic circuit 16 and then compares the received results 
of the operations to the previously set value. If no corre 
spondence betWeen the received results of the operations of 
the identi?cation signal to the previously set value is con 
?rmed by the arithmetic result comparing circuit 10, then the 
arithmetic result comparing circuit 10 sends a stop signal to 
the input control circuit 2 so that the input control circuit 2 
stops the operations of the laser. 

The reason Why the identi?cation signal is operated by the 
arithmetic circuit 16 is to distinguish many kinds of the laser 
oscillator units 11 and the laser poWer units 1 and also to 
prevent misidenti?cation due to external noises. 
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4 
The operations of the above laser 21 Will subsequently be 

described. As described above, the identi?cation signal is set 
by the identi?cation signal setting circuit 9 and then the 
identi?cation signal output circuit 8 sends the identi?cation 
signal to the arithmetic circuit 16. The arithmetic circuit 16 
performs a predetermined operation to the received identi 
?cation signal and then returns the operation result to the 
arithmetic result comparing circuit 10. The arithmetic result 
comparing circuit 10 compares the received operation result 
to the previously set value. If no correspondence betWeen 
the received results of the operations of the identi?cation 
signal to the previously set value is con?rmed by the 
arithmetic result comparing circuit 10, then the arithmetic 
result comparing circuit 10 sends a stop signal to the input 
control circuit 2 so that the input control circuit 2 stops the 
operations of the laser. If a correspondence betWeen the 
received results of the operations of the identi?cation signal 
to the previously set value is con?rmed by the arithmetic 
result comparing circuit 10, then the arithmetic result com 
paring circuit 10 sends no stop signal to the input control 
circuit 2 so that the input control circuit 2 alloWs the laser to 
be in operation. 

The connection monitor 7 and the arithmetic circuit 16 
may comprise gate arrays. Signal transmissions betWeen the 
laser oscillator unit 11 and the laser poWer unit 1 are made 
through a ?rst output signal transmission line for transmit 
ting the output signal from the laser poWer unit 1 to the laser 
oscillator unit 11, a second output signal transmission line 
for transmitting the output signal from the laser oscillator 
unit 11 to the output signal from the laser poWer unit 1, and 
a clock signal for transmitting clock signals. The above 
novel connection monitoring system provided in the laser is 
capable of monitoring a connection betWeen separated oscil 
lator and poWer units not only in an initial time period just 
after the connector has been connected to the interface but 
also in a time period When the laser is in serve. The above 
novel connection monitoring system alloWs a long life time 
of the laser by preventing the laser oscillator unit from an 
eXcess large load even if a connector is incompletely con 
nected to an interface of the electric device or if a connector 
pin is incompletely in contact With the interface. 
Second Embodiment 
A second embodiment according to the present invention 

Will be described With reference to FIG. 2 Which is a block 
diagram illustrative of a novel laser comprising separated 
oscillator and poWer units With a thermal sWitch recognition 
system for recogniZing eXcess temperature increase of the 
laser tube in a second embodiment according to the present 
invention. A laser 21 comprises a laser oscillator unit 11 
Which emits a laser beam and a laser poWer unit 1 Which is 
separated from the laser oscillator unit 11 but supplies a 
poWer to the laser oscillator unit 11 for driving the same. The 
laser oscillator unit 11 comprises the folloWing elements. A 
laser tube 13 is provided Which emits a laser beam. Astarter 
circuit 15 is provided Which is electrically connected to the 
laser tube 13 for applying a high voltage at an initial time for 
starting a laser emission. First and second thermal sWitches 
12 and 14 are provided Which are made open When the above 
laser tube 13 shoWs an eXcess temperature rise in operation. 
Any of the ?rst and second thermal sWitches 12 and 14 is 
made open by the eXcess temperature rise of the laser tube 
13 in operation, the laser poWer unit 1 can recogniZe the 
eXcess temperature rise of the laser tube 13 in operation. 
Further, a ?rst semiconductor element 17 is provided Which 
has a ?rst thermal sWitch recognition circuit 18. The ?rst 
thermal sWitch recognition circuit 18 is connected to the 
thermal sWitches 12 and 14 separately. Namely, the ?rst and 
second thermal sWitches 12 and 14 are connected to the ?rst 
thermal sWitch recognition circuit 18 in parallel to each 
other. The ?rst and second thermal sWitches 12 and 14 are 
provided in contact With an insulator Which is in contact With 
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the laser tube 13 so that When the temperature of the laser 
tube is risen to a predetermined critical temperature, then the 
?rst and second thermal sWitches 12 and 14 are made open. 
The ?rst thermal sWitch 12 is connected to a pair of 
electrodes provided in the ?rst semiconductor element 17 
having the ?rst thermal sWitch recognition circuit 18. The 
second thermal sWitch 14 is also connected to a different pair 
of electrodes provided in the ?rst semiconductor element 17 
having the ?rst thermal sWitch recognition circuit 18. The 
above different tWo pairs of the electrodes are connected in 
parallel to each other to the ?rst and second thermal sWitches 
12 and 14 separately. A sWitching mechanism is provided in 
the ?rst semiconductor element 17 for selecting any one of 
the different tWo pairs of the electrodes so that the ?rst 
thermal sWitch recognition circuit 18 can carry out sequen 
tial recognition operations for recogniZing the open/close 
states of the ?rst and second thermal sWitches 12 and 14. 

The laser poWer 1 has the folloWing elements. An input 
control circuit 2 is provided Which controls ON/OFT opera 
tions of the laser 21. A recti?er circuit 3 is provided Which 
is connected to the input control circuit 2 for rectifying an 
AC current into a DC current. A driver circuit 4 is provided 
Which is connected to the recti?er circuit 3 for driving the 
recti?er circuit 3. An output control circuit 6 is provided 
Which is connected to the driver circuit 4 for controlling the 
driver circuit 4. A ?lament transducer 5 is provided Which is 
connected to the laser tube 13 for applying an AC current to 
a ?lament in the laser tube 13 and in place receives a large 
discharge DC current. A second semiconductor element 19 
is provided Which is connected to the input control circuit 2 
and also connected to the ?rst thermal sWitch recognition 
circuit 20 in the laser oscillator unit 11. The second semi 
conductor element 19 has a second thermal sWitch recogni 
tion circuit 20. A display 21 is provided Which is connected 
to the second semiconductor element 19. 

The operations of the above laser 21 Will subsequently be 
described. As described above, When the ?rst thermal sWitch 
recognition circuit 18 recogniZes that the ?rst or second 
thermal sWitch 12 or 14 has been opened, then the ?rst 
thermal sWitch recognition circuit 18 sends the second 
thermal sWitch recognition circuit 20 abnormal signal Which 
identi?es the fact that the laser tube 13 has an eXcess 
temperature increase. The second thermal sWitch recogni 
tion circuit 20 sends the input control signal 2 a stop signal 
to stop or discontinue the operation of the laser emission. 
The second thermal sWitch recognition circuit 20 also sends 
the display 21 the abnormal signal so that the display 21 
displays the abnormal state of the laser tube 13. The above 
novel connection monitoring system is capable of monitor 
ing a connection betWeen separated oscillator and poWer 
units Which can ascertain Which thermal sWitch has been 
opened. The above novel thermal sWitch recognition system 
is capable of recogniZing eXcess temperature increase of the 
laser tube Which can ascertain Which thermal sWitch has 
been opened. This alloWs a long life-time of the laser tube 
by recogniZing a position Where an eXcess temperature 
increase appears. 
Whereas modi?cations of the present invention Will be 

apparent to a person having ordinary skill in the art, to Which 
the invention pertains, it is to be understood that embodi 
ments as shoWn and described by Way of illustrations are by 
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6 
no means intended to be considered in a limiting sense. 
Accordingly, it is to be intended to cover by claims all 
modi?cations Which fall Within the spirit and scope of the 
present invention. 
What is claimed is: 
1. A laser comprising a laser oscillator unit having a laser 

tube and a laser poWer unit connected to said laser oscillator 
unit by a connector for supplying a poWer to said laser tube 
for a laser emission, said laser poWer unit having a ?rst 
monitoring system and said laser oscillator unit having a 
second monitoring system electrically connected to said ?rst 
monitoring system, 

Wherein after said laser oscillator unit and said laser 
poWer unit have been connected to each other by a 
connector, said ?rst monitoring system sends said sec 
ond monitoring system an identi?cation signal so that 
said second monitoring system sends said ?rst moni 
toring system an ansWer signal to said identi?cation 
signal Whereby said ?rst monitoring system refers said 
ansWer signal to a previously set signal to con?rm a 
correspondence betWeen said laser oscillator unit and 
said laser poWer unit, and if no correspondence is 
con?rmed, then said ?rst monitoring system instructs 
said laser poWer unit to discontinue to supply said 
poWer to said laser tube. 

2. The laser as claimed in claim 1, Wherein said ?rst 
monitoring system comprises an identi?cation signal setting 
and outputting circuit for setting an identi?cation signal and 
then outputting said identi?cation signal, and a comparator 
circuit for comparison of said ansWer signal With said 
previously set signal. 

3. The laser as claimed in claim 1, Wherein said second 
monitoring system comprises an arithmetic circuit for oper 
ating said identi?cation signal. 

4. A laser comprising a laser oscillator unit having a laser 
tube and a laser poWer unit connected to said laser oscillator 
unit by a connector for supplying a poWer to said laser tube 
for a laser emission, said laser poWer unit having a ?rst 
recognition system and said laser oscillator unit having a 
second recognition system electrically connected to said ?rst 
recognition system, a plurality of thermal sWitches being 
provided around said laser tube, said plurality of thermal 
sWitches being connected to said second recognition system 
in parallel to each other, said plurality of thermal sWitches 
being operated by an eXcess temperature increase over a 
predetermined critical temperature, 

Wherein during When said laser is in operation, said 
second recognition system recogniZes states of said 
plurality of thermal sWitches to recogniZe any excess 
temperature increase over said predetermined critical 
temperature and if said eXcess temperature increase 
appears, then said second recognition system sends said 
?rst recognition system an abnormal signal Which 
identi?es that said eXcess temperature increase has 
appeared so that said ?rst recognition system instructs 
said laser poWer unit to discontinue to supply said 
poWer to said laser tube. 


